Aspergillus flavus FCBP-231, a filamentous fungus, was genetically modified for its ability to reveal extra cellular α-amylase activity. For strain improvement, the selected strains were subjected to UV irradiation (5-40 min exposure) and EMS treatment (50-300 µg mL -1 ) for hyper activity of an α-amylase enzyme. The mutants were quantitatively compared with the parental strain. UV and chemical mutagenesis brought about a dramatic enhancement in enzymatic activity. The mutant strains Af-UV-5.3 and Af-Ch-5.7 exhibited 79 and 110% more enzyme activity than the native strain A. flavus FCBP-231. This improvement in enzyme activity of the mutants suggests that they are suitable strains to be used in biotechnology. RAPD-PCR analysis revealed different patterns of amplicons of native as well as mutant derivatives, which suggested that the mutation imparted changes in the genetic make up of the mutants probably involved enzyme production control.
Amylase, an enzyme that hydrolyzes starch for the production of maltose and glucose, has many applications in the pharmaceutical, paper, food, textile and distilling industries [1, 2] . These uses require the need to evolve the most viable technology for amylase production to support the demand of local industry.
Mutation induction has become an established tool in strain improvement to supplement existing strains of microorganisms and to improve them for certain specific traits. Therefore, several approaches, including chemical mutation, UV irradiation and genetic engineering, have been utilized to obtain enhanced enzyme producing strains [3, 4] . In this current study, an indigenous strain of Aspergillus flavus (FCBP-231) was mutagenized and improved mutants were selected for their α-amylase activity and the genetic variability of these mutants in comparison with their wild strain was studied using RAPD markers.
UV mutation of Aspergillus flavus FCBP-231:
After exposing a conidial suspension of A. flavus FCSP-231 to UV radiation, among the total 159 survivals, 63 mutants produced larger clear starch hydrolyzing zones as compared with the native strain; these mutants were selected for further study (Table  1 ). In submerged fermentation analysis of the best UV mutant candidates, a putative strain isolated after 25 min of UV irradiation displayed significantly improved α-amylase activity (61 Units mL -1 ). It is inferred from the data obtained that 25 min exposure to UV irradiation was the best suited to induce mutation in A. flavus FCBP-231 as it induced the greatest enhancement in α-amylase activity. This putative mutant was assigned as Af-UV-5.3. strain ( Table 2 ). The enzymatic activity of the selected mutants was further investigated through submerged fermentation. One of the mutant derivatives that exhibited the greatest α-amylase activity of 72 Units mL -1 and showed a significant improvement not just over the parental strain, but also over all other putative mutants, was selected and tagged as Af-Ch-5.7.
Comparison of enzyme activities:
The enzyme activity of parental and its putative mutants was evaluated and compared in submerged fermentation. The assessments indicated that the activities of Af-UV-5.3 and Af-Ch-5.7 were variable and higher than those of the wild strain. The best α-amylase activity (72 Units mL -1 ) was obtained in the case of Af-Ch-5.3, which differed significantly (P≤0.05) from Af-UV-5.3 (61 Units mL -1 ), as well as A. flavus FCBP-231 (34 Units mL -1 ) ( Figure 1 ). However, both wild and mutant strains exhibited maximum enzyme activity after 48 hours of incubation.
Genetic diversity among A. flavus strains: Twenty random oligonucleotide primers were evaluated for their ability to prime PCR amplification of A. flavus FCBP-231genomic DNA and its mutant derivatives (Af-UV-5.3, Af-UV-5.7, Af-Ch-5.3, and AF-Ch-5.7). Data presented in Table 3 and Figure 2 show that all the primers produced a distinct pattern of polymorphic bands, except M-07. The level of polymorphism among the genotypes ranged from 0-83.3%. Nucleotide lengths of the amplification products varied from about 250-2100 bp.
The RAPD-PCR patterns obtained with all the primers demonstrated variability among the genotypes of all the individuals (Figure 2 ). Among the examined genotypes, identical band patterns were observed at 1500, 900 and 700 bp (Figure 2A ). However, while the said genes were intensely amplified in mutants, these were faintly amplified in terms of their genetic make up. Gene 1 at the top, with a molecular weight of 2000 bp, was a new gene, which was mildly amplified only in chemical mutants Af-Ch-5.3 and AF-Ch-5.7. Moreover, two new fragments amplified in DNA isolated from chemical mutants at 1600 and 550 bp with primer M-03 were not evidenced in A. flavus FCBP-231, Af-UV-5.3 and Af-UV-5.7. The observed variation in enzyme activity could be attributed to the genetic diversity exhibited by all genotypes. Thus, Af-UV-5.3 and Af-UV-5.7 were distinguished by the presence of two DNA fragments with an approximate size of 1400 and 800 bp produced by the same primer. It was inferred from the analysis of RAPD amplicons that this difference in genetic framework could be a reason for the more efficient α-amylase production by mutants rather than wild A. flavus FCBP-231.
The cluster analysis of the distribution of RAPD amplicons, using UPGMA, is shown as a dendrogram (Figure 3 ). These analyses clearly distinguished all the genotypes from each other. Two main clusters of the homology tree were identified. Accordingly, chemical mutants positioned in one cluster of the dendrogram interpret the lowest genetic similarity of about 62% with the wild type and its UV mutants. The genotypes exhibiting more genetic similarities were clustered in another group of the dendrogram. Af-UV-5.3 and Af-UV-5.7 were amassed as a subgroup of this cluster on the basis of identical gene expression. UV mutants exhibited more or less 70% genetic similarity with their native strain.
There have been many efforts to generate microorganisms with high ability to produce efficient amylases that can degrade native starch to meet industrial demands. A wide body of evidence indicates implementation of mutagenesis through UV α-Amylase potential of Aspergillus flavus Natural Product Communications Vol. 4 (7) 2009 979 and chemical means for strain improvement [5] [6] [7] [8] . In the present study, an indigenous strain was mutagenized through UV and chemical means. The mutants illustrated exceptionally high levels of αamylase activity, which make the mutants good candidates for obtaining amylases for starch degradation. The results indicated that α-amylase activity is affected and improved by exposure to UV irradiation and EMS treatment. The UV mutant exhibited about 79% and EMS treated mutant displayed 110% improvement in enzyme activity. It was suggested that the gene responsible for the production of α-amylase may increase in the DNA due to mutation i.e., an increase in gene copy number or due to an improvement in expression of genes or both and permanent changes in DNA sequence, resulting in increased enzyme activity [9] [10] [11] [12] .
RAPD markers typically have high overall variability, so can be useful for detecting genetic differences and similarities within species [13] . In the present study, RAPD analysis was exercised to evaluate genetic diversity of mutant genotypes with their wild strain. In several other studies RAPD fingerprinting techniques have been employed to detect mutation, genetic relatedness and genetic variation within and between natural bacterial and human DNA and fungal populations [14] [15] [16] .
Experimental
Mutation was induced in A. flavus FCBP-231by ultraviolet (UV) irradiation and ethyl methane sulfonate (EMS), by using the following protocols. Conidial suspension (10 mL) containing 5 x 10 5 conidia mL -1 was exposed to ultraviolet irradiation for 40 min with a 5 min time interval under an UV lamp at a distance of 20 cm (λ = 254 nm and 220V at 50 Hz) [17] . Chemical mutagenesis was carried out according to the method of Morikawa et al. [18] . The EMS stock solution containing 300 μg mL -1 was diluted to 50, 100, 150, 200 and 250 μg mL -1 . A conidial suspension of adjusted inoculum was treated with each concentration of EMS solution for 30 min at 37°C in a water bath shaker.
Selection of mutants:
After mutagenic treatments, about 200 μL of each suspension was aseptically inoculated on individual Petri plates, which were incubated at 30±2°C. The colonies were selected qualitatively and then assayed quantitatively for enzyme activity by shake flask fermentation.
Amylase activity assay: Amylase activity was assayed by the modified method of Ramakirshna et al. [19] . The reducing sugars liberated were estimated by the 3, 5-dinitrosalicylic acid (DNS) method [20] . The absorbance was measured at 540 nm. One unit of amylase activity was defined as the amount of enzyme causing the release of 1 µmole of reducing sugars in 1 min under the assay conditions.
Analysis of genetic variability and PCR amplification:
The experimental details and conditions for genetic characterization were similar to those reported in our recent publication [21] .
Data analysis: Treatment effects of UV and chemical doses and the data for genetic variability were also analyzed according to same protocol as reported in our recent publication [21] .
